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SECTION  1 


INTRODUCTION 


Many  laboratory  tests  and  procedures  require  the.  continuous  data 
acquisition  and  control  of  one  or  more  process  variables  to  maintain  proper 
test  conditions.  It  is  often  Impractical  to  perform  these  functions  manually 
24  hours  a  day.  Micro-  and  mini-computers  have  been  purchased  to  automate 
much  of  the  testing  equipment  in  the  laboratory.  However,  there  are  several 
cases  where  the  cost  of  existing  micro-  and  mini-computer  systems  is  not 
justified  by  the  Intended  application. 

The  VIC-20  system  was  originally  developed  as  an  inexpensive  control 
system  for  the  Schenck  resonant  machines  in  the  MLLN  Laboratory.  As  the  capa¬ 
bilities  of  the  unit  became  apparent,  additional  applications  were  identified 
and  the  necessary  interface  hardware  was  designed  and  built.  At  the  present 
time,  three  applications  have  been  identified  and  will  be  discussed: 

1.  Control  of  four  Schenck  resonant  fatigue  testing  machines, 

2.  Control  of  a  furnace  used  for  automated  heat  treating,  and 

3.  Control  of  data  acquisition  for  a  electropneumatic  shaker  system 
used  for  crack  growth  studies. 

The  MLLN  Laboratory  has  several  Schenck  fatigue  machines.  All  of 
these  machines  are  over  30  years  old  and  all  of  the  original  control  systems 
were  in  poor  condition.  A  prototype  analog  control  system  was  built  and 
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proved  to  be  functional,  however,  this  system  was  expensive  to  construct 
and  install  and  was  difficult  for  new  operators  to  learn.  The  VIC-20  control 
system  was  developed  as  an  alternative  and  has  proved  to  be  inexpensive  to 
construct  and  install  and  easy  to  operate. 

The  automated  furnace  controller  was  designed  to  eliminate  the 
need  for  manual  24  hour  monitoring  of  heat  treatments.  Many  of  these  heat 
treatments  require  a  constant  heating  or  cooling  rate.  With  the  existing 
manual  controls,  this  required  constant  setpoint  adjustments  by  the  operator. 
The  VIC-20  system  allowed  the  operator  to  set  up  the  desired  heat  treatment 
temperature  profile  and  the  computer  would  complete  the  heat  treatment. 

The  control  and  data  acquisition  system  for  the  electropneumatic 
shaker  system  is  currently  being  developed.  The  system  will  control  a  pneu¬ 
matic  actuator  which  applies  a  quasistatic  load  to  the  sample.  In  addition, 
the  unit  will  provide  a  DC  signal  to  the  shaker  to  control  the  amplitude  of 
high  frequency  loads  superimposed  on  the  quasistatic  load.  Cycle  counts  will 
be  monitored  and  stored  and  the  operator  will  enter  optical  crack  length 
readings.  The  optical  crack  length  readings  will  be  used  to  determine  the 
appropriate  load  amplitudes  necessary  to  maintain  a  constant  stress  intensity 
at  the  crack  tip.  Electric  potential  techniques  may  be  used  to  provide  a 
direct  crack  length  measurement.  Using  the  electric  potential  technique 
would  eliminate  the  need  of  many  optical  crack  length  measurements  and  would 
totally  automate  the  system. 


SECTION  2 


HARDWARE  COMPONENTS 


The  control  and  data  acquisition  system  is  comprised  of  the  following 

parts: 

•  VIC-20  Microcomputer 

•  Television  or  Monitor 

•  Expansion  Chassis 

•  Power  Supply 

•  Interface  Boards: 

•  Analog  to  Digital  Converter 

•  Digital  to  Analog  Converter 

•  Counter  and  Digital  Input /Output 

•  Strain  Gage  Conditioner 

•  0.1  Ampere  Current  Driver 

A  VIC-20,  a  television  or  monitor,  an  expansion  chassis,  and  a 
power  supply  constitute  the  base  system.  The  interface  boards  can  be  used 
In  any  combination  requiring  less  than  eight  card  slots  in  the  expansion 
chassis.  Board  layouts,  parts  lists,  and  schematics  of  each  of  the  boards 
are  included  in  the  appendices.  Figure  1  shows  the  expansion  chassis  with 
all  the  boards  necessary  for  the  Schenck  control  application. 


2.1  VIC-20  MICROCOMPUTER 


The  VIC-20  is  a  6302  based  eight  bit  microcomputer  Including  an 
Integral  keyboard  and  a  five  volt  power  supply.  Complete  documentation  of 
the  system  Is  available  from  the  manufacturer  In  the  VIC-20  programmers 
reference  guide.  All  Interfaces  to  the  VIC  are  made  via  the  44  pin 
expansion  port  at  the  back  of  the  unit.  This  Interface  provides  data, 
addressing,  and  handshake  lines  as  well  as  five  volt  power  for  the  expansion 
chassis.  See  Section  2.3  for  details  about  power  requirements. 

2.2  TELEVISION  OR  MONITOR 


The  display  unit  for  the  VIC  Is  either  a  standard  television  or  any 
monitor  that  accepts  composite  video  signal.  Interconnecting  cables  are 
supplied  with  the  computer. 


2.3  EXPANSION  CHASSIS 


The  VIC  expansion  port  provides  space  for  installation  of  a  single 
Interface  card.  Since  many  applications  require  use  of  more  than  one  inter¬ 
face  card.  It  was  necessary  to  design  an  expansion  chassis  to  provide  room 
for  up  to  eight  Interface  boards.  The  expansion  chassis  carries  all  forty- 
four  signals  to  each  card  slot  and  equipment  sold  by  the  manufacturer,  such 
as  memory  expansion  cartridges,  will  work  with  the  expansion  chassis. 


The  internal  five  volt  supply  in  the  VIC  will  provide  up  to  one 
amp  of  power  to  the  expansion  chassis.  Table  1  shows  the  power  requirements 
for  each  of  the  Interface  boards.  If  the  application  under  consideration 
requires  a  total  for  all  interface  boards  of  more  than  one  amp  on  the  five 
volt  supply  then  jumper  JP-1  on  the  expansion  chassis  should  be  removed  and 
an  external  five  volt  supply  with  sufficient  current  capacity  should  be 
connected  to  the  solder  posts  at  the  far  end  of  the  expansion  chassis. 

2.4  POWER  SUPPLY 

Because  the  VIC  provides  a  five  volt  supply  only,  an  external  power 
supply  providing  +15  and  -15  volts  is  required.  Table  1  shows  the  power 
requirements  of  each  of  the  interface  boards.  The  external  supply  should 
have  a  current  capacity  that  exceeds  the  total  requirements  for  all  boards 
for  both  the  +15  and  -15  voltages. 

A  plug  in  power  supply  card  has  been  developed  for  the  VIC-20 
expansion  chassis.  Mounting  the  supply  on  the  expansion  chassis  requires 
less  work  space  than  a  separate  supply  and  reduces  the  length  of  the  power 
supply  leads.  The  plug-in  supply  has  a  .250  amp  capacity  for  both  the  +15 
and  -15  volt  supplies. 

The  power  supply  and  each  of  the  interface  boards  has  a  10  pin 
connector  in  the  upper  left  hand  corner  for  external  power  connections  (J-l). 
The  following  pin  assignments  have  been  established: 


TABLE  1 


POWER  REQUIREMENTS  FOR  INTERFACE  BOARDS 


CURRENT  REQUIREMENT  (AMPS) 


BOARD 

+5  VOLTS 

+15  VOLTS 

-15  VOLTS 

Analog  to  Digital 

.160 

.010 

.020 

Digital  to  Analog 

.100 

.020 

.030 

Counter /Dio 

.100 

.012 

.012 

Strain  Gage  Conditioner 

.000 

**** 

Current  Driver 

.100  Max. 

NA 

NA 

****SUppiy  Requirements  Depend  on  Excitation  Voltage  and  Strain 
Gage  Bridge  Resistance. 
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Pin  1 


No  Connection 


Pin  2  +15  Volts 

Pin  3  -15  Volts 

Pin  4  Power  Supply  Common 

Pins  5-10  No  Connection 


A  ribbon  type  cable  with  multiple  connectors  is  recommended  for  connecting 
more  than  one  board  to  the  power  supply. 


2.5  INTERFACE  BOARDS 

The  interface  boards  can  be  divided  into  two  categories,  those 
using  an  address  slot  and  those  that  do  not.  The  following  sections  describe 
each  of  the  interface  boards  in  detail.  Some  examples  of  board  operation  are 
included  in  the  following  sections  and  additional  examples  are  contained  in 
Section  3. 


2.5.1  Boards  Requiring  Address  Slots 

The  following  boards  each  require  one  address  slot: 

1.  Analog  to  Digital  Converter, 

2.  Digital  to  Analog  Converter,  and 

3.  Counter  and  Digital  Input/Output 
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There  are  eight  address  slots  set  aside  for  boards  which 
require  them.  The  base  address  of  the  board  is  selected  by  closing  one  of 
the  switches  in  SW-1.  Only  one  of  the  switch  contacts  should  be  closed  at  a 
time.  Table  2  shows  the  possible  board  base  addresses  and  the  appropriate 
switch  contacts. 

Each  of  the  interface  boards  requiring  an  address  slot  is 
interfaced  to  the  VIC-20  through  a  versatile  interface  adaptor  (VIA)  on  the 
interface  card.  The  VIA  provides  temporary  storage  for  data,  the  counter  and 
dlo  port  for  the  counter/dio  board,  and  other  functions.  It  can  be  seen  from 
Table  2  that  each  board  occupies  16  addresses.  These  addresses  correspond 
to  registers  in  the  VIA.  The  function  of  the  registers  is  shown  for  each 
board  in  Table  3. 

The  actual  address  of  a  register  is  the  sum  of  the  board  base 
address  and  the  register  number.  For  example: 

It  is  necessary  to  read  the  low  byte  of  the  A/D 
converter  set  up  as  board  number  four.  We  will 
assume  that  the  A/D  converter  has  completed  a 
conversion.  The  low  byte  data  is  in  register 
number  one.  The  board  base  address  is  38960. 

The  address  of  the  low  byte  data  is  then 
38960  +  1  *  38961  decimal  or  9831  hex.  Peek 
(38961)  in  basic  or  LDA  $9831  in  assembler 
will  retrieve  the  low  byte  data. 
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TABLE  2 


SWITCH  SETTINGS  AND  BOARD  BASE  ADDRESSES 


BASE  ADDRESS 


CLOSED  CONTACT 

IN  SW-1 

HEX 

DECIMAL 

I 

9800 

38912 

2 

9810 

38928 

3 

9820 

38944 

4 

9830 

38960 

5 

9840 

38976 

6 

9850 

38992 

7 

9860 

39008 

8 


9870 


39024 


2. 5. 1.1  Analog  to  Digital  Converter  Board 

The  A/D  board  provides  one  channel  of  12  bit 
resolution  single  ended  analog  to  digital  conversion  at  a  maximum  rate  of 
40  KHZ.  The  following  steps  should  be  performed  to  set  up  an  A/D  board  for 
use  with  the  system. 

1.  Determine  the  voltage  range  required  and  strap  connector  P-2 
according  to  Table  4. 

2.  Connect  the  signal  input  according  to  Table  4. 

3.  Select  the  board  nunfter  by  turning  on  the  appropriate  switch  in 
SW-1  (closed  contacts  are  considered  on) . 

4.  Insert  the  board  either  directly  into  the  VIC  or  into  the  expansion 
chassis. 

5.  Connect  the  ±15  volt  power  supply  to  connector  J-l. 

For  each  voltage  range »  the  input  voltage  can  be 
calculated  from  the  A/D  converter  output  by  the  following  formula: 

Input  Voltage  “  x  A/D  Converter  Output  +  Minimum  Voltage 

For  example: 


Voltage  Range  ■  20 


Minimum  Voltage  ■  -10 


VOLTAGE  RANGE  SELECTION  AND  INPUT  CONNECTIONS  FOR  THE  A/D  BOARD 


A/0  Converter  Output  *  1111000101001110  Complementary  Binary 


-  0000111010110001  Binary 

-  2048+1024+512+128+32+16+1  -  3761  Decimal 


Input  Voltage 


20/4095  x  3761  +  (-10) 

6 

8.369  Volts 


The  resolution  of  the  converter  Is  calculated  from 


the  following  formula: 


Resolution  ■  Voltage  Range/4095 


For  the  case  above: 


Resolution  ■  Voltage  Range/4095 

-  20/4095 

-  .0049  Volts 

■  4.9  Millivolts 

The  data  registers  zero  and  one  (see  Table  3) 
should  be  set  as  Inputs  by  setting  registers  two  and  three  to  zero.  The 
A/D  converter  is  then  triggered  by  writing  to  register  zero.  Since  register 
zero  is  set  as  an  Input,  writing  to  it  has  no  effect  on  the  data  and  the 
write  pulse  is  used  to  trigger  the  A/D.  The  converter  has  a  maximum 
conversion  time  of  25  microseconds  and  software  should  be  designed  with 
enough  time  between  triggering  the  A/D  and  reading  a  sample  to  allow  the 
converter  to  complete  a  conversion. 


It  is  impossible  in  BASIC  to  poke  register  0 
and  read  the  data  in  less  than  about  40  milliseconds  and  therefore.  BASIC 
routines  will  never  overrun  the  A/D  speed.  Machine  code,  however,  can  be 
written  which  will  attempt  to  read  the  A/D  data  before  the  A/D  conversion  is 
complete.  Null  instructions  or  timing  loops  should  be  added  if  this  occurs. 
Machine  code  instruction  times  are  given  in  the  programmers  reference  guide. 

The  upper  four  bits  of  the  high  data  byte  are 
permanently  set  to  one  by  the  hardware  on  the  board.  The  output  of  the  A/D 
converter  is  complementary  so  that  when  the  complementary  data  is  converted 
to  straight  binary  the  upper  four  bits  become  zeros  and  thus  do  not  affect 
the  magnitude  of  the  upper  byte.  In  this  way,  a  twelve  bit  A/D  sample  can 
be  read  in  as  an  eight  bit  low  byte  and  a  four  bit  high  byte  with  the  four 
most  significant  bits  of  the  high  byte  set  to  zero.  For  an  example  of  A/D 
operation,  see  Figure  2. 


The  A/D  board  provides  gain  and  offset  trim  for 
calibration  purposes.  The  following  procedure  should  be  used  to  calibrate 
the  A/D  board: 

1.  Apply  the  minimum  voltage  for  the  range  chosen  to  the  A/D  board 
inputs. 

2.  Adjust  resistor  R2  to  obtain  zero  digital  output  from  the  board. 

3.  Apply  the  maximum  voltage  for  the  range  chosen. 

4.  Adjust  resistor  R4  to  obtain  the  digital  code  111111111111  from 


the  board. 
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S.  Repeat  Steps  1  through  4  until  no  further  adjustments  are 


necessary. 


2. 5. 1.2  Digital  to  Analog  Converter  Board 

The  D/A  board  provides  one  channel  of  12  bit 
resolution  digital  to  analog  conversion  at  a  maximum  rate  of  200  KHZ.  The 
following  steps  should  be  performed  to  set  up  a  D/A  board  for  use  with  the 
system: 

1.  Determine  the  voltage  range  required  and  strap  connector  P-2 
according  to  Table  5. 

2.  Insert  the  board  either  directly  Into  the  VIC  or  into  the  expansion 
chassis. 

3.  Select  the  board  number  by  turning  on  the  appropriate  switch  in 
SW-1  (closed  contacts  are  considered  on). 

4.  Connect  the  external  power  supply  to  connector  J-l. 

5.  Connect  the  output  signal  according  to  Table  5. 

For  each  range,  the  output  voltage  output  can  be 
calculated  from  the  following  formula: 

Output  Voltage  »  Vol.ta&*  ^an.£e  x  d/a  Converter  Binary  Input  +  Minimum  Volt 
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For  example: 


Voltage  Range  »  20  Minimum  Voltage  ■  -10 

D/A  Converter  Input  *  1111111010110001  Complementary  Binary 

•  0000000101001110  Binary 
-  2048+1024+512+128+324-16+1  -  3761  Decimal 

Output  Voltage  -  20/4095  x  3761  +  (-10) 
i  -  8.369  Volts 

The  resolution  of  the  converter  Is  calculated  from 

the  .following  formula: 

Resolution  *  Voltage  Range/4095 

For  the  case  above: 

Resolution  -  Voltage'  Range/4095 

-  20/4095 

-  .0049  Volts 

-  4.9  Millivolts 

Data  registers  sero  and  one  (see  Table  3)  should 
be  set 'as  outputs  by  setting  registers  two  and  three  to  255.  The  output 
voltage  is  changed  by  writing  the  appropriate  digital  code  to  registers  sero 
and  one.  The  converter  has  a  maximum  conversion  time  of  five  microseconds. 
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Mote  that  it  is  impossible  to  change  both 
registers  zero  and  one  at  exactly  the  sane  tine.  The  D/A  output  will 
begin  to  change  as  soon  as  the  new  code  ie  present  at  either  register  zero 
or  one.  Machine  code  software  can  be  written  to  reduce  the  time  between  the 
two  byte  transfers  to  about  10  microseconds.  The  minimum  transfer  gap  in 
BASIC  is  about  20  milliseconds. 

As  with  the  A/D  converter  board  the  upper  four 
bits  of  the  high  data  byte  are  irrelevant  since  only  twelve  bits  are  signi¬ 
ficant.  Writing  a  number  larger  than  binary  1111  (IS  decimal)  to  register 
zero  will  produce  the  same  result  as  writing  any  other  number  with  the  seme 
lower  four  bits.  The  upper  four  bits  are  ignored.  For  example*  writing  IS 
to  register  zero  will  cause  an  output  equal  to  writing  1  to  register  aero. 
See  Figure  3  for  an  example  of  D/A  operation. 

2.5.1. 3  Counter  and  Digital  Input /Output  Board 

The  counter/DIO  board  provides  a  sixteen  bit 
counter  with  selectable  divide  by  10,  100,  or  1,000  and  eight  bits  of  TTL 
level  input  or  output. 

2. 5. 1.3.1  Counter 

The  counter  can  be  operated  in  two 
modes.  TTL  level  pulses  can  be  counted  directly  or  sinusoidal  or  other 
periodic  functions  can  be  counted  using  the  signal  conditioners  on  the  board 
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Figure  3.  D/A  Board  Test  Routine 


The  mode  13  selected  by  pole  1  of  switch  2.  Pressing  the  rocker  away  from 
the  Cl  label  activates  the  direct  TTL  mode.  Toward  Cl  activates  the  periodic 
function  mode. 

The  counter  is  a  sixteen  bit  unit 

and  counts  down  from  a  preset  cou  it  The  pre  et  count  is  set  by  writing 
the  desired  low  byte  value  into  r  g.ster  eigh  and  the  desired  high  byte 
value  to  re.glster  nine.  The  coun  e  will  dec  ement  the  values  in  these  two 
registers  as  one  sixteen  bit  numb  r  For  exa;  pie.  if  we  want  to  keep  track 
of  the  number  of  pulses  applied  t  he  counte  ,  we  would  initially  load  the 
counter  with  65535  and  subtract  t  e  subsequent  readings  from  65535  to  produce 
the  pulse  count.  Counter  inputs  are  shown  in  Table  6. 

2. 5. 1.3.1. 1  TTL  Pulse  Counting 

Zero  to  five  volt  pulses 

with  rise  times  of  less  than  about  one  microsec  can  be  counted.  Divide  by 
ten  functions  do  not  operate  in  this  mode.  Maximum  count  rate  is  approximately 
500  Kilohertz. 

2.5. 1.3. 1.2  Periodic  Function  Counting 

Sinusoidal  or  other 

periodic  functions  cannot  be  counted  by  the  via  directly  and  require 
conversion  to  digital  pulses  first.  This  is  accomplished  by  adjusting  a 
low  pass  filter  to  remove  any  unwanted  high  frequency  components  from  the 


TABLE  6 

COUNTER  CONNECTIONS  AND  MODE  SWITCH  SETTINGS 
FOR  COUNTER/DIO  BOARD 

COUNTER  MODE  CONNECTIONS  SWITCH  2  -  POLE  l  SETTING 


signal  and  adjusting  the  high  pass  filter  to  remove  the  DC  component  of  the 
signal  and  any  unwanted  low  frequency  components.  Once  the  noise  and  DC 
components  of  the  signal  have  been  removed,  a  threshold  adjustment  is  made 
so  that  the  counter  is  insensitive  to  signals  smaller  than  the  threshold. 
Finally,  the  conditioned  signal  is  passed  through  a  Schmitt  trigger  to 
provide  the  fast  rise  time  needed  by  the  VIA.  The  Schmitt  trigger  also  has 
hysteresis  characteristics  which  eliminate  multiple  counts  at  the  threshold 
by  requiring  the  voltage  to  exceed  the  threshold  by  a  few  tenths  of  a  volt 
before  the  device  will  rearm  for  the  next  count.  Specifications  for  the 
on  board  signal  conditioning  are: 

e  0.15  to  150  Hz  cutoff  high  pass  filter, 
e  15  to  1500  Hz  cutoff  low  pass  filter. 

e  Threshold  sensitivity  adjustment  from  10  millivolts  to  ten  volts. 

In  many  cases,  it  is 

desirable  to  count  events  where  the  total  count  may  exceed  65535.  The 
counter  board  can  be  set  to  divide  the  Incoming  pulses  by  factors  of  ten. 
Divide  by  functions  are  activated  using  poles  two  through  four  of  switch  2. 
Pressing  the  rockers  toward  the  C2,  C3,  or  C4  labels  activates  one  stage  of 
divide  by  ten.  Away  from  C2,  C3,  or  C4  deactivates  the  divide  by  function 
for  the  stage.  Divide  by  one  hundred  and  divide  by  one  thousand  are  obtained 
by  activating  multiple  divide  by  ten  stages. 

Certain  registers  in 

the  VIA  must  be  initialized  in  order  to  use  the  counter.  Table  3  shows  the 
various  registers  and  their  uses.  The  manufacturers  data  catalog  for  the 


6522  VIA  chip  contains  additional  information  on  the  register  functions. 

To  use  the  counter,  the  following  steps  must  be  performed: 

1.  Set  register  11  to  32.  This  initiates  the  countdown  mode  of  the 
6522  versatile  interface  adaptor. 

2.  Set  register  2  to  zero.  This  sets  the  counter  port  as  an  input. 

3.  Set  the  counter  low  byte  (register  8)  to  the  preset  count  low  byte 

4.  Set  the  counter  high  byte  (register  9)  to  the  present  count  high 
byte. 

5.  Apply  input  signal  and  read  the  count  from  registers  8  and  9. 

Figure  4  shows  an  example  using  the  counter. 

2. 5. 1.3. 2  Digital  Input/Output 

In  addition  to  the  counter,  eight  bits 
of  digital  input  or  output  are  available.  These  bits  can  be  individual  set 
as  inputs  or  outputs  in  any  combination.  Each  output  can  drive  one  standard 
TTL  load  and  each  input  is  one  standard  TTL  load.  To  set  a  bit  as  an  input, 
the  corresponding  bit  in  register  three  must  be  set  to  one.  For  example, 
if  the  lower  four  bits  are  to  be  inputs  and  the  upper  four  bits  are  to  be 
outputs,  set  register  three  to  11110000  binary  or  128+64+32+16  ■  240  decimal 
Sending  data  to  bits  set  as  Inputs  has  no  effect  on  the  port.  Reading  data 
from  outputs  may  yield  random  results.  When  reading  input  from  the  port, 
always  mask  off  any  bits  not  of  interest  using  the  BASIC  or  ASSEMBLER  "AND" 
functions.  The  digital  input  and  output  connections  are  shown  in  Table  7. 
Figure  5  shows  an  example  using  the  digital  input /output  port. 
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Figure  5.  Digital  Input/Output  Test  Routine. 


2. 5. 1.3. 3  Board  Setup 


The  following  steps  should  be  performed 
to  set  up  a  counter/DIO  board  for  use  with  the  system. 

1.  Select  the  board  number  by  turning  on  the  appropriate  switch  in 
SW-1  (closed  contacts  are  considered  on). 

2.  Select  type  of  input  using  switch  SW-2  pole  1. 

3.  Connect  the  signals  according  to  Table  6  for  the  counter  or 
Table  7  for  the  digital  input/output. 

4.  Insert  the  board  either  directly  into  the  VIC  or  into  the  expansion 
chassis. 

5.  Connect  the  external  power  supply  to  connector  J-l. 

If  periodic  function  mode  is  selected  for  the  counter: 

6.  Select  divide  by  1,  10,  100,  1,000  using  switch  SW-2  poles  2-4. 

Each  pole  switched  on  divides  by  ten.  If  no  poles  are  selected 
then  the  unit  will  divide  by  one,  if  one  pole  is  selected,  the 
unit  will  divide  by  ten,  etc. 

7.  Adjust  low  and  high  pass  filters  for  desired  bandwidth.  The  low 
pass  filter  is  adjusted  using  resistor  R4  and  the  high  pass  filter 
is  adjusted  using  resistor  R2. 

8.  Adjust  the  threshold  sensitivity  using  resistor  R7. 
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2.5.2  Boards  Not  Requiring  Address  Slots 


slots: 


There  are  currently  two  boards  that  do  not  require  address 


1.  Strain  gage  conditioner,  and 

2.  Current  driver. 

These  boards  do  not  interface  with  the  computer  but  are 
signal  conditioning  boards  for  general  application.  They  were  developed 
in  order  to  eliminate  the  need  for  separate  analog  signal  conditioners  and 
to  expand  the  capability  of  the  system. 

2. 5. 2.1  Strain  Gage  Conditioner 

The  strain  gage  conditioner  board  is  intended  to 
provide  excitation  and  amplification  for  full  strain  gage  bridges  and  has  the 
following  features: 

•  Continuously  variable  gain  one  to  ten  thousand. 

•  Switch  selectable  filtering.  Cutoff  frequencies  are  determined  by 
user  selected  capacitors. 

•  Continuously  variable  excitation  levels  3.5  to  13.5  volts. 

Single  and  double  arm  bridges  can  also  be  connected 
provided  external  completion  resistors  are  added.  Input  and  output  connec¬ 
tions  are  labelled  on  the  board. 
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The  following  steps  should  be  performed  to 


calibrate  the  strain  gage  conditioner  board: 

1.  Select  the  filter  cutoff  frequency  from  the  following  equation: 

Cutoff  Frequency  -  ~2  PI  *  R3  *  C 

R3  is  ten  thousand  ohms  and  the  filter  capacitors  should  be 
selected  to  give  a  range  of  cutoff  frequencies  suitable  to  the 
application.  Table  8  lists  the  suggested  values  and  the 
corresponding  filter  characteristic. 

2.  Short  the  amplifier  Inputs  (INI  and  IN2)  to  common.  Adjust  the 
amplifier  offset  trlmpot  to  obtain  0.000  volts  at  the  output 
terminal.  Remove  the  short  circuit  from  the  Inputs. 

3.  Adjust  the  excitation  trlmpot  to  obtain  the  desired  excitation 
voltage  at  the  EX+  terminal.  The  maximum  allowable  current  drain 
in  approximately  0.075  amps. 

4.  Select  the  coarse  gain  from  the  ten  pole  gain  select  switch 
according  to  Table  9.  Select  a  gain  slightly  lower  than  the 
expected  final  gain.  The  coarse  gain  is  the  sum  of  the  gains  from 
all  closed  switches.  The  gain  trlmpot  will  be  used  to  perform  the 
final  amplifier  calibration  in  Step  6. 

5.  Connect  the  bridge  and  adjust  the  bridge  balance  to  obtain  zero 
volts  at  the  output  terminal  with  the  bridge  in  the  null  position. 
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TABLE  8 


FILTER  CAPACITORS  AND  FILTER  CUTOFF  FREQUENCIES  FOR 
THE  STRAIN  GAGE  CONDITIONER 


CUTOFF 

FREQUENCY 

CAPACITOR 

CAPACITOR  VALUE 

SWITCH  POLE 

1.6 

Hertz 

C7 

10.0 

uF 

1 

16. 

Hertz 

C6 

1.0 

uF 

2 

160 

Hertz 

C5 

0.1 

uF 

3 

1600 

Hertz 

C4 

0.01 

uf 

4 

Wideband 

— 

— 

All  Open 

6.  Apply  full  scale  to  the  bridge  and  adjust  the  gain  trimpot  to 
obtain  full  scale  output  from  the  bridge  conditioner  board.  Full 
scale  output  should  not  exceed  12  volts.  The  gain  trimpot  has  a 
range  of  approximately  one  to  ten  times  the  coarse  gain  from  the 
gain  switch. 

7.  Repeat  Steps  5  and  6  until  no  further  adjustments  are  necessary. 

2. 5. 2. 2  Current  Driver 

The  current  driver  board  provides  an  interface 
between  the  D/A  card  and  controllers  or  other  devices  requiring  more  than 
two  milliamps  of  current  to  function  properly.  Typical  laboratory 
controllers  require  zero  to  twelve,  four  to  twenty,  or  zero  to  ten  milliamps 
input  current. 


The  following  steps  should  be  performed  to  inter¬ 
face  the  current  driver  board  to  external  devices.  The  input  and  output 
terminals  are  labelled  on  the  board. 

1.  Select  the  current  limiting  resistor  from  the  following  equation: 

Current  Limiting  Resistor  ■  250  -  Load  Resistance 

2.  Install  the  current  limiting  resistor  as  Rl. 
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Connect  the  inputs  and  outputs  as  labelled  on  the  board.  Note 
that  the  high  output  is  tied  directly  to  the  five  volt  supply. 
Use  care  not  to  short  this  lead  to  common. 

Short  the  board  inputs  and  adjust  the  offset  resistor  to  obtain 
the  desired  minimum  output  current. 

Apply  five  volts  to  the  input  and  adjust  the  gain  resistor  to 
obtain  the  maximum  desired  output  current  (<  .075  amps). 

Repeat  Steps  4  and  5  until  no  further  adjustments  are  necessary. 


SECTION  3 


APPLICATIONS 


The  system  described  in  Section  2  has  been  applied  to  two  laboratory 


control  problems: 


•  Schenck  resonant  fatigue  testing  machine  control,  and 

•  Automated  furnace  control. 


The  electropneumatic  shaker  application  is  still  in  the  development 


stage  and  will  not  be  described  in  further  detail  here. 


The  Schenck  controller  was  the  original  application,  however,  the 
furnace  controller  will  be  discussed  first  since  it  is  the  simpler  of  the  two. 


3.1  AUTOMATED  FURNACE  CONTROLLER 


One  of  the  problems  associated  with  long  term  heat  treating  of 
materials  or  curing  procedures  is  that  constant  operator  supervision  is 
necessary  if  complicated  temperature  profiles  are  required.  The  VIC-20 
system  provides  a  means  to  preprogram  the  required  profile  and  allow  the 
computer  to  control  the  heat  treating  operation.  Figure  6  shows  the  software 
that  is  currently  being  used  to  control  a  heat  treating  furnace  in  the  MLLN 
laboratory. 
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101  REM  FURNACE  CONTROL  PROGRAM 

102  REM  GEORGE  A.  HARTMAN  7/23/1983 

103  REM  USES  A  VIC-20  D/A  BOARD  SET  AS  BOARD  #1  WITH  0-5  VOLT  OUTPUT 
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Figure  6.  Furnace  Control  Program, 
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Figure  6  (Continued) .  Furnace  Control  Program. 
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Figure  6  (Continued) .  Furnace  Control  Program. 


3085  PRINT"ENTER  SET  POINTS  AND  THE  TIME  TO  COMPLETE  THE  TRANSITION" 

3010  PRINT" CENTER  R  TO  RESUME  PROGRAM)" 

3028  PRINT "SNQ  SETPOINT  TIME  DEGREES  F  MINUTES  **  *********  ******* 

3030  RETURN 


I 


Figure  6  (Concluded) .  Furnace  Control  Program. 


The  software  is  designed  to  allow  up  to  fifty  setpoint  changes 
within  a  single  profile.  The  D/A  output  is  fed  into  a  Barber-Coleaan  520 
series  controller  with  external  one  to  five  volt  linear  input.  The  program 
as  listed  requires  too  much  memory  to  run  without  a  memory  expansion 
cartridge.  A  running  version  for  the  VIC-20  with  no  memory  expansion  is 
generated  by  removing  the  remark  statements. 

The  program  prompts  the  operator  for  the  block  number,  the  time  for 
the  block,  and  temperature  at  the  end  of  the  block.  The  operator  may  change 
parameters  for  any  block  at  any  time  during  the  data  entry  segment  of  the 
program.  The  profile  may  be  reviewed  at  any  time  during  the  heat  treatment 
by  pressing  the  user  defined  key  FI. 

A  planned  Improvement  in  the  system  will  be  to  Install  an  A/D  board 
to  read  the  actual  temperature  and  Include  a  closed  loop  control  section 
similar  to  the  one  in  the  Schenck  controller  described  in  the  next  section. 
This  would  eliminate  the  need  for  the  Barber-Coleman  controller  and  digital 
pyrometer  display  that  are  now  required. 


3.2  SCHENCK  RESONANT  FATIGUE  TEST  MACHINE  CONTROLLER 


The  original  application  of  the  VIC  system  was  to  control  four  of 
the  Schenck  fatigue  machines  in  the  MLLN  laboratory.  The  machine  controls 
were  not  operating  and  refit  was  estimated  to  cost  ten  thousand  dollars 


The  VIC  controls  have  been  Installed  on  two  of  the  four  machines. 

The  remaining  two  will  be  converted  if  demand  for  their  use  increases. 

3.2.1  Schenck  Characteristics 

The  Schenck  testing  machines  are  based  on  the  resonance 
principle.  The  machine  base  acts  as  a  large  reaction  mass  to  which  one  end 
of  the  specimen  is  attached.  The  other  end  of  the  specimen  is  attached  to 
one  end  of  a  spring.  The  other  end  of  the  spring  is  attached  to  a  mass 
mounted  eccentrically  on  a  shaft.  The  shaft  is  rotated  by  an  electric  motor 
which  sets  up  a  vibration  of  the  spring.  The  speed  of  the  motor  controls 
the  frequency  of  vibration  and  the  spring  stiffness  and  eccentric  mass  are 
designed  to  have  a  natural  frequency  of  about  50  Hz.  As  the  motor  speed 
approaches  the  natural  frequency,  the  magnitude  of  the  load  transmitted 
through  the  specimen  to  the  frame  of  the  machine  increases  in  a  highly 
nonlinear  fashion.  This  means  that  a  small  change  in  the  motor  speed  yields 
a  large  change  in  the  specimen  load. 

3.2.2  VIC  Controller 

The  VIC  A/D  is  Interfaced  to  the  Schenck  via  a  strain  gage 
conditioner  board  which  provides  an  output  signal  proportional  to  the 
specimen  load.  The  D/A  board  drives  the  motor  through  a  commercial  DC  motor 
controller.  The  cycle  count  is  obtained  by  driving  the  counter  board  with 
the  sinusoidal  load  waveform. 


The  software  used  to  control  the  Schenck  is  shown  in 
Figure  7.  The  program  as  listed  is  too  large  to  run  without  a  memory 
expansion  card  for  the  unexpanded  VIC-20.  A  version  which  will  run  without 
memory  expansion  can  be  generated  by  removing  the  remark  lines  from  the  program 

The  routine  requires  that  the  A/D  board  be  set  as  board  one, 
the  D/A  board  be  set  as  board  two,  and  the  counter  board  be  set  as  board 
three.  As  with  the  furnace  controller  program,  the  Schenck  program  prompts 
the  operator  for  all  required  input  data. 

Much  of  the  program  is  formatting  which  makes  the  operator 
Interface  easier.  Although  this  is  not  necessary,  it  makes  it  possible  for 
inexperienced  operators  to  use  the  controller  without  having  to  decipher 
unclear  controls. 

The  routine  at  line  600  sets  up  the  machine  language 
subroutine  which  reads  the  A/D  2550  times  and  calculates  the  maximum  and 
minimum  load  in  about  .2  seconds.  The  subroutine  was  written  in  ASSEMBLY 
language  and  is  shown  in  Figure  8.  The  ASSEMBLY  language  program  was 
converted  to  a  series  of  decimal  numbers  which  are  contained  in  the  data 
statements  in  lines  640-690.  In  the  way  the  BASIC  program  is  self-contained 
and  the  operator  simply  loads  the  routine  from  tape  or  disk  and  when  it  is 
run,  it  sets  up  the  machine  language  routine  by  itself.  Line  610  changes 
the  top  of  memory  so  that  the  BASIC  interpreter  will  not  destroy  the  machine 


REM.  SCHENCK  CONTROL  PROGRAM  BY:  GEORGE  A.  HARTMAN  10/12/83 

REM  BOARDS:  fVD  ...  #1  D/A  ...  #2  COUNTER/TIMER/DIO  ...  #3 


Figure  7a.  Schenck  Control  Program 
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Figure  7a  (Continued) .  Schenck  Control  Program. 


176  Q2=INT<0-256*01> 

177  P0KE38928/ 15-01 

173  P0KE38929, 255-02 
186  REM 
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Figure  7a  (Continued).  Schenck  Control  Program, 


219  IFA$="Y"THEN18 

220  REM 

222  REM  PROMPT  OPERATOR  TO  SHUT  OFF  MACHINE 
224  REM 

230  PR I NT "SET  RESET  SWITCH  TO  OFF  THEN  PRESS  RETURN 
235  INPUT At 
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Figure  7a  (Continued).  Schenck  Control  Program 
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501  REM  GET  MAX  AND  MIH  LOAD  FROM  OPERATOR 


532  REM*#****#*#*#***#******# 

585  PRINT ’TENTER  MAXIMUM  LOAD  FORTH  IS  TEST  IN  " ,  B$ 
567  INPUTP2 
508  P2=P2/B 
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Figure  7a  (Continued).  Schenck  Control  Program. 


634  POKE I, C 
636  NEXT 
648  HflTfll41 
29, 141 
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Figure  7a  (Concluded).  Schenck  Control  Program. 


A, A1  .  D/A  ENABLE  ADDRESSES  (DATA  DIRECTION  REGISTERS 

FOR  PORTS  A  AND  B  ON  VIA  *3) 

A2 1 A3  . .  A/D  ENABLE  ADDRESSES  (DATA  DIRECTION  REGISTERS 

FOR  PORTS  A  AND  B  ON  VIA  #4) 

At  . .  CHARACTER  VARIABLE  FOR  KEYBOARD  RESPONSES 

A%  . .  (NUMBER  OF  CYCLES  TO  RUN)  /  tOOO 

B  .  . .  UNITS  CONVERSION  FACTOR  (1  FOR  POUNDS  OR 

4.448  FOR  NEWTONS) 

B#  . .  UNITS  STRING  < "POUND*  OR  "NEWTONS") 

BZ  . .  DUMMY  VARIABLE 

Ct  ............  CARRIAGE  RETURN  VARIABLE 

C%  .  ( CYCLES  RUN)  /  1000 

H  . .  MAXIMUM  LOAD  FROM  MACHINE  LANGUAGE  ROUTINE 

1  .  LOOP  INDEX 

K  . .  LOOP  INDEX 

L  . .  MINIMUM  LOAD  FROM  MACHINE  LANGUAGE  ROUTINE 

0  . . .  CALCULATED  D/A  OUTPUT  VALUE 

01  . . .  D/A  OUTPUT  HIGH  BYTE 

02  . . .  D/A  OUTPUT  LOW  BYTE 

FI  .  COMMANDED  MINIMUM  LOAD  (POUNDS) 

F'2  . .  COMMANDED  MAXIMUM  LOAD  (POUNDS) 

P3  . .  FULL  SCALE  (POUNDS) 

P4  . . .  COMMANDED  AMPLITUDE  (POUNDS) 

P5  .  COMMANDED  AMPLITUDE  (A/D  UNITS) 

P6  . . .  POUNDS  PER  LEAST  SIGNIFICANT  BIT 

R  . .  CONTROL  LOOP  RESET  VALUE  FOR  INTEGRATION 

Y  .  CONTROL  LOOP  ERROR  VALUE 

2  .  CONTROL  LOOP  INTEGRATED  ERROR 


Figure  7b.  Variable  Definitions  for  the  Schenck  Control  Application. 


MEMORY  OP  CODE  DATA  REMARKS 
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.gure  8.  Machine  Language  Program  Listing  for  the  Schenck  Control  Application. 


********************  CHECK  MAXIMUM  ROUTINE  ******************** 
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The  main  closed  loop  control  routine  starts  at  line  125. 

Note  that  In  line  107,  the  reset  (Integral)  term  "R"  for  the  loop  Is  a 
function  of  the  load  amplitude  and  Is  not  a  constant.  This  was  necessary 
because  of  the  exponential  nature  of  the  load  -  motor  speed  relationship. 

the  error  trap  in  line  169  is  not  executed  unless  the  cycle 
count  is  greater  than  2000.  This  gives  the  motor  time  to  come  up  to  speed 
without  being  shut  down  due  to  too  large  an  error  signal  "Y". 

The  control  loop  is  executed  about  five  times  per  second. 

This  is  fast  enough  to  control  the  motor  speed  and  the  specimen  load  on  the 
Schenck  machine  but  may  be  too  slow  for  other  applications.  Control  loop 
execution  time  can  be  reduced  to  less  than  a  millisecond  by  eliminating  all 
basic  commands  and  reprogramming  the  loop  calculations  in  machine  code. 


SECTION  4 


SUMMARY 

The  VIC  system  described  is  an  inexpensive  and  versatile  data 
acquisition  and  real  time  control  system  that  is  applicable  to  a  range  of 
laboratory  problems.  The  system  has  been  successfully  applied  to  two  control 
problems  and  additional  applications  have  been  identified. 

The  unit  is  a  modular  design  which  allows  it  to  be  reconfigured 
easily  as  new  applications  are  identified.  The  use  of  the  VIC-20  provides 
the  capability  to  easily  program  clear  displays  and  input  formats  which 
reduce  opeartor  errors  and  the  time  to  learn  the  system  for  a  given  appli¬ 


cation. 
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PARTS  LIST  FOR  A/D  BOARD 
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